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^ (57) Abstract: The {Hesent invention provides an apparatus and a method for joining a first structure to a second structure. In one 
^ embodiment, a bridge (100) is provided for joining a movable structure (105) to a fixed structure (1 10). The bridge (100) includes a 
number of spaced apart extensible beams {\\5\ each beam having a first end (125) pivotably and rotatably attached to the movable 
2 snfuctuie (lOS) and a second end (130) pivotably and rotatably attached to the fixed structure (1 10). Deck members (135) are sup- 
ported by the extensible beams (1 IS) in a substantially horizontal attitude, each of the deck nnembers pivotably and rotatably attadied 
Q to one of the beams, whereby access is provided between the movable snucture (105) and the fixed snucture (1 10). In one version, 
^ the movable structure (105) mcludes a vehicle, such as a train, an automobile, a watercraft, an aircraft or a spacecraft. In another 
^ version, the movable strucnire (lOS) is a motion-based (230) of a simulator, amusement ride as a theater (235). 
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ARTICULATED BRIDGE 



Inventor: Perry McLain 

Cross Reference to Related Applications 

5 This application claims priority from United States Provisional Patent 

Application Serial Number 60/153,285 entitled Articulated Bridge, filed 
September 10, 1999. 

10 Field of the Invention 

This invention relates generally to the field of bridges, and more 
particularly to an apparatus and method for joining a movable structure to a 
fixed structure. 

15 

Background of the Invention 

There are many applications in v\^hich It is necessary or desirable to 
join a movable structure to a fixed structure to provide access to the movable 

20 structure while allowing movement of the movable structure relative to the 
fixed structure. For example, it is often necessary to provide access between 
a ship and a pier or an aircraft and an airport terminal. This is particularly a 
problem for motion-bases that typically include a "base" or platform that can 
provide for six degrees of freedom of motion including roll, pitch, yaw, vertical. 

25 lateral and longitudinal motion. Motion-bases are widely used in devices such 
as vehicle simulators, amusement rides and interactive theaters which move 
in synchronization with images projected on a screen to create the illusion of 
riding in a particular vehicle. 
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It will be readily appreciated that the complex movement of the 
motion-base makes it impossible to use rigid bridges having fixed dimensions 
and orientation to join it to a fixed structure. Moreover, a bridge or gangway 
that is not anchored at one end but in sliding engagement with the motion- 
base or the fixed structure, such as a brow joining a ship to a pier, is also 
generally not satisfactory because It cannot allow for simultaneous rotation 
about or movement along multiple axes. For example, while a ship's brow is 
frequently made to allow for some lateral motion away from and toward the 
pier, and may even be hinged to allow for moderate rolling motion, it would 
not allow for a pitching motion that would cause opposite sides of the brow to 
lift alternately. Thus, prior art solutions for providing ingress and egress to a 
motion-base while allowing it to move relative to a fixed structure have 
focused on movable ramps or platforms moved into position after the 
movement has been stopped to allow access to and from the motion-base. 

One proposed solution, shown in FiG. 1 and 2, utilizes five parallel 
planks 20 extending from the fixed structure 25 to the motion-base 30 to form 
a gangway 35. The planks 20 are joined to one another by an tongue-and- 
groove arrangement 40 that allows adjoining planks to be moved in opposite 
directions as indicated by arrows 45. Each plank 20 is coupled to either the 
fixed structure 25 or the motion-base 30 in such a manner that no two 
adjoining planks are both connected to the same structure. The planks 20 are 
rigidly connected to the fixed structure 25 through a first bar 50, and are 
connected to the motion-base 30 through a second bar 55 and a pivot 60. 
While an improvement over ramps which are manually moved Into position 
this design is not completely satisfactory. 

A problem with this approach is it severely limits the freedom of 
movement of the motion-base 30. In particular, the rigid attachment to the 
fixed structure 25 prevents the gangway from allowing longitudinal movement 
of the motion-base in a direction perpendicular to the gangway 35. For the 
same reason, the gangway 35 does not allow a yawing motion or a purely 
vertical movement of the motion base 30. This design might allow a limited 
rolling motion of the motion base 30, provided the roll axis coincides with the 
axis of the pivot, in fact, the only movement of the motion base 30 that the 
gangway clearly would allow is a lateral movement towards or away from the 
fixed structure 25. A further problem with the gangway shown in FIG. 1 and 
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FIG. 2, is the difficulty and expense of forming the tongue and groove 
arrangement 40. Moreover, this design allows dirt or other foreign objects to 
fall into the tongue and groove arrangement 40, which can cause the planks 
20 to bind and rendering the gangway 35 inoperable. 

Another prior art solution, as disclosed in U.S. Pat No. 5,277,662, 
to Fox et al., hereby incorporated by reference, use movable platforms 
pivoted into position to load and unload passengers from a motion-base, here 
an amusement park ride, and folded away from the motion-base while it is in 
operation. Although this approach avoids many problems of rigid bridges and 
sliding gangways, it leads to several additional problems, and therefore is also 
not completely satisfactory. 

One problem with this approach is the added cost and complexity 
of a controller required to return the motion-base to a precise position relative 
to the fixed structure. The controller is also needed to synchronize the 
movement of the platform to that of the motion-base so that the platform is 
moved into position as soon as the motion-base stops. In addition to the cost, 
the controller also adds to the maintenance requirements and the potential for 
malfunctions. Moreover, for many applications, such as an amusement ride, 
the time delay occasioned by extending or folding away the platform before 
and after operation of the motion-base is very undesirable. , 

Another, more serious problem with all such solutions is that the 
passengers are effectively trapped on the motion-base for the duration of the 
ride. While many passengers would probably be unaware of this, or at most 
would be only slightly inconvenienced, in case of fire or a medical emergency 
the situation could be life-threatening. Moreover, if, as in the reference cited 
above, the platform is automatically or electronically controlled the problem 
is exacerbated during a power failure. 

Yet another problem with the above approach, is the potential for 
injury by the movable platform. If the platforms do not couple with the fixed 
structure or the motion-base closely enough, a passenger can fall through or 
have a limb or clothing become trapped in the resulting gap. 
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Accordingly, there is a need for an apparatus and method for joining 
a movable structure to a fixed structure to provide access to the movable 
structure while allowing movement of the movable structure relative to the 
fixed structure. The present invention provides a solution to these and other 
5 problems, and offers other advantages over the prior art. 

Sunnmary of the Invention 

The present invention provides an apparatus and a method for 
10 joining a first structure to a second structure. In one embodiment, the present 
invention provides a bridge for joining a movable structure to a fixed structure. 
The bridge includes a number of spaced apart extensible beams, each 
extensible beam having a first end pivotably and rotatably attached to the 
movable structure and a second end pivotably and rotatably attached to the 
15 fixed structure. A number of deck members are supported above and by the 
extensible beams in a substantially horizontal attitude, each of the deck 
members pivotably and rotatably attached to one of the extensible beams to 
provide ingress and egress to the movable structure. In one version, the 
movable structure is a vehicle, and the first ends of each of the extensible 
20 beams are releasably attached to the vehicle. The vehicle can be a train, an 
automobile, a watercraft, an aircraft, or a spacecraft. 

In another embodiment the present invention is directed to a bridge 
for joining a motion-base to a fixed structure to provide ingress and egress to 

25 the motion-base. The bridge includes three spaced apart, extensible beams 
including a central extensible beam and two outer extensible beams, one on 
each side of the central extensible beam. Each extensible beam has a first 
end pivotably and rotatably attached by a spherical-swivel-joint to the 
motion-base and a second end pivotably and rotatably attached by a 

30 spherical-swivel-joint to the fixed structure. Deck members are supported 
above and by the extensible beams in a substantially horizontal attitude, each 
deck member is pivotably and rotatably attached by a ball-socket-joint to the 
central extensible beam and in sliding contact with the outer extensible 
beams. Optionally, each of the deck members further includes several pads 

35 of material having a low coefficient of friction between the deck member and 
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the extensible beams. Preferably, the extensible beams include a first beam 
member in slidable engagement with a second beam member. More 
preferably, the first beam member telescopes into the second beam member. 
The extensible beams can further include one or more bearings inside the 

5 second beam member and in between the first beam member and the second 
beam member to ease the telescoping of the first member into the second 
beam member. Alternatively, a sleeve of material having a low coefficient of 
friction is placed inside the second beam member and between the first beam 
member and the second beam member to ease the telescoping of the first 

10 member into the second beam member. 



In another aspect, the invention is directed to a method of joining a 
movable structure to a fixed structure. In the method, a number of extensible 
beams having first ends and second ends are provided. The first ends of the 

15 extensible beams are pivotably and rotatably attached to the movable 
structure, and the second ends are pivotably and rotatably attached to the 
fixed structure. Several deck members are pivotably and rotatably attached 
to one of the extensible beams so that the deck is supported above and by 
the extensible beams in a substantially horizontal attitude. Preferably, the 

20 step of attaching the first and second ends of the extensible beams includes 
the step of attaching the extensible beams to provide a central extensible 
beam and at least two other extensible beams laterally spaced apart from the 
central extensible beam on either side of the central extensible beam. More 
preferably, the step of pivotably and rotatably attaching each of the deck 

25 members to one of the extensible beams includes the step of attaching the 

deck members to the central extensible beam. 

In yet another aspect, the invention is directed to a theater 
comprising a motion-base to provide patrons of the theater with a sense of 

30 riding in a vehicle, such as. for example, a submarine. The motion-base 

includes a number of actuators to move the motion-base through six degrees 
of freedom of motion. The theater also includes a bridge to provide ingress 
and egress to the motion-base from a fixed structure surrounding the motion- 
base while enabling movement of the motion-base relative to the fixed 

35 structure. The bridge has several spaced apart extensible beams, each 

extensible beam having a first end pivotably and rotatably attached to the 



wo 01/18313 



-6- 



PCT/USOO/24587 



motion-base and a second end pivotably and rotatably attached to the fixed 
structure. Several deck members are supported above and by the extensible 
beams in a substantially horizontal attitude, each of the deck members is 
pivotably and rotatably attached to one of the extensible beams. Preferably, 
the bridge has three spaced apart, extensible beams including a central 
extensible beam and two outer extensible beams, one on each side of the 
central extensible beam. More preferably, the deck members pivotably and 
rotatably attach to the central extensible beam and are in sliding contact with 
the outer extensible beams. 

In still another aspect, the invention is directed to a bridge for joining 
a first substantially fixed structure to a second substantially fixed structure to 
enable movement of the first structure relative to the second structure. The 
bridge Includes a number of spaced apart, extensible beams, each extensible 
beam having a first end pivotably and rotatably attached to the first structure 
and a second end pivotably and rotatably attached to the second structure. 
Deck members are supported above and by the extensible beams in a 
substantially horizontal attitude, each of the deck members is pivotably and 
rotatably attached to one of the extensible beams. In one embodiment, the 
first and second structures include adjacent buildings, and the movement of 
the first structure relative to the second structure is due to thermal expansion, 
seismic forces or wind. 

Brief Description of the Drawings 

These and various other features and advantages of the present 
invention will be apparent upon reading of the following detailed description 
in conjunction with the accompanying drawings, where: 

FIG. 1 (prior art) Is a top view of a gangway for joining a movable 
structure to a fixed structure; 

FIG. 2 (prior art) is a sectional side view of the articulated bridge of 

FIG. 1; 
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FIG. 3 is a side view of an embodiment of a bridge for joining a 
movable stmcture to a fixed structure according to the present invention; 

FIG. 4 is a top view of tlie articulated bridge of FIG. 3; 

FIG. 5 Is a partial view of the articulated bridge of FIG. 4 showing 
the spherical-swivel joint; 

FIG. 6 is a partial sectional view showing an embodiment of a ball- 
socket-join of a bridge according to the present invention; 

FIG. 7a to 7e are schematic views of an embodiment of a bridge 
according to the present invention showing movement of one end of the 
bridge; 

FIG. 8 is a side view of an embodiment of a bridge according to the 
present invention showing movement of one end of the bridge; 

FIG. 9 is a top view of an embodiment of a bridge according to the 
present invention showing movement of the bridge in response to yawing 
motion of a movable structure attached to the bridge; 

FIG. 10 is a top view of an embodiment of a bridge according to the 
present invention showing movement of the bridge in response to longitudinal 
motion of a movable structure attached to the bridge; 

FIG. 1 1 is a top view of an embodiment of a theater comprising a 
motion-base and a bridge according to the present invention; and 
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FIG. 12 is a side view of an embodiment of a bridge according to 
the present invention for joining a first substantially fixed structure to a second 
substantially fixed structure. 

5 Detailed Description 

The present invention is directed to an apparatus and method for 
joining a first structure to a second structure. In one embodiment, shown in 
FIG. 3, 4, a bridge 100 is provided for joining a movable structure 105 to a 

10 fixed structure 110. The bridge 100 includes a number of spaced apart 
extensible beams 115, (singularly 1 15a, 115b) each extensible beam having 
a first end 125 pivotably and rotatably attached to the movable structure 105 
and a second end 130 pivotably and rotatably attached to the fixed structure 
110. A number of deck members 135 are supported above and by the 

IS extensible beams 11 5 in a substantially horizontal attitude, each of the deck 
members 135 pivotably and rotatably attached to one of the extensible beams 
115, so that access is provided between the movable structure 105 and the 
fixed structure 110 while enabling movement of the movable structure relative 
to the fixed structure. 

20 

The extensible beams 115 join the movable structure 105 to the 
fixed structure 110 and transversely support the deck members 135 to 
provide a walkway or deck 140 over which people, vehicles and cargo can be 
moved. The extensible beams 115 can be joined to the fixed and movable 

25 structures 110, 105, by any suitable means which will allow the extensible 

beams 115 to pivot and to rotate relative to the structures, including, for 
example, swivel-joints, ball-joints and universal joints. Preferably, the 
extensible beams 115 are attached by spherical-swivel joints 145 as shown 
in FIG. 5. Spherical-swivel joints 145 comprise a ball-pin 155 having an 

30 integral central-ball-portion 160, and a socket 165 enclosing the central-ball- 
portion. A pair of pin-portions 170 extend from the central-ball-portion 160 in 
diametrically opposing directions through openings in the socket 165. 
Spherical-swivel joints 145 are preferred because they allow the extensible 
beams 1 15 to be pivoted up to about 90* from a static position in which 

3S extensible beams extends at right angles from the fixed or movable structure 
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110, 105. Preferably, the spherical-swivel joints allow the extensible beams 
to rotate up to about 45**, and more preferably up to about 60**. In the version 
shown, the ball-pin 155 of the swivel joint 145 is attached to the fixed or 
movable stmcture 110. 105. by a bracket 175, and the socket 165 attached 
5 to the end of the extensible beam 1 1 5, however, these relative positions can 
be reversed without affecting the functioning of the bridge 100. In another 
version (not shown), the movable structure 105 is a vehicle, such as an 
automobile, a watercraft, an aircraft, or a spacecraft, and the first or second 
ends 125. 1 30, of each of the extensible beams 1 1 5 are releasably attached 
10 to the vehicle or to the fixed structure 110. The first or second ends 125, 130, 

can be releasably attached, for example, by providing ball-pins 155 in which 
the pin-portions 170 are removable. Alternatively, the brackets 175 
themselves can be removable or othenvise slotted or hinged to allow 
releasing the ball-pins 1 55 from the brackets. 

15 

Each of the extensible beams 115 comprises a first beam member 
180 in slidable engagement with a second beam member 190. The beam 
members 180, 190, can comprise circular, oval or polygonal cross-section. 
In one preferred embodiment, the first and second beam members 180, 190, 

20 comprise cylinders having complementary diameters so that the first beam 
member telescopes into the second beam member. This embodiment is 
preferred because the first and second beam members 180, 190, are in 
slidable and rotatable engagement. More preferably, in the static or non- 
extended position the first member 1 80 is substantially entirely covered by the 

25 second member 1 90 such that all of the deck members 1 35 are supported on 

the second member 190. Optionally, a plurality of ball-bearings (not shown) 
are disposed inside the second beam member 190 in between the first beam 
member 180 and the second beam member to ease the extension of the 
extensible beam 1 15. Alternatively, a sleeve of material (not shown) having 

30 a low coefficient of friction is placed inside the second beam member 1 90 in 
between the first beam member 180 and the second beam member. Suitable 
low friction material includes, for example, Polytetrafluoroethylene (Teflon®), 
nylon. Delrin® and ultra high molecular weight polyethylene (UHMW). 



35 



The number of the extensible beams 115 the bridge 100 has, as 
well as their size and the material of which they are made, depends on the 
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loading to which the bridge will be subjected. For example, in the 
embodiment shown in FIG. 3 and 4, which is suitable for carrying pedestrian . 
traffic, the bridge 100 comprises a central extensible beam 115a and two 
outer extensible beams 115b one on either side of the central extensible 
5 beam having a length of from about 1 to about 100 feet, and a diameter of 
from about 0.3 to about 30 inches. The extensible beams 115 can be made 
of any material having sufficient strength including, for example, plastic, metal 
and ceramic. Preferably, to provide the requisite strength the extensible 
beams 115 are made of a metal, such as aluminum, chromium, copper, 
10 nickel, steel, stainless steel, tin, zinc or alloys thereof. In addition, the 

extensible beams 115 can be covered or coated with another material, for 
example, for corrosion control or for decorative purposes. 

The deck members 135 are rotatably and pivotably attached to one 
15 of the extensible beams 1 1 5 by any suitable means that allows them to pivot 

and rotate relative to the extensible beam, including, for example, ball-socket- 
joints, swivel-joints and universal joints. In the embodiment shown in FIG. 4, 
the deck members are attached by ball-socket-joints 195 to the central 
extensible beam 1 15a and in sliding contact with the outer extensible beams 
20 1 1 5b. Referring to FIG. 6, the ball-socket-joints 1 95 comprise a ball 200 and 

a socket 205 having an opening through which the ball Is exposed. In this 
version, the deck member 135 is attached to the ball 200 using a conventional 
fastener, such as a bolt threaded into a hole in the ball, and the socket 205 
is attached to the extensible beam 115. However, as is readily apparent, 
25 these attachments can be reversed without affecting the functioning of the 

bridge 100. 

In the embodiment shown in FIG. 3 and 4, the deck members 135 
comprise planks having a regular polygonal cross-section. However, they can 

30 also include a contour, such as a stepped shape (not shown), to enable each 
deck member to ride partly on top of, or under, the preceding or trailing deck 
member 135. A resilient material, such as bumpers (not shown) made of 
Teflon®, nylon. Delrin® or UHMW, or a strip of foam rubber, can be placed or 
attached between the deck members 135 to dampen noise caused by their 

35 movement and to prevent objects from falling through or becoming trapped 

between the deck members. In addition, the bridge 1 00 can further comprise 
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an alignment or biasing mechanism to return the deck members 135 to a 
static position oriented substantially transverse to long axes of the extensible 
beams 1 1 5. As shown in FIG. 3 and 4, the biasing mechanism can comprise, 
for example, a spring 185 having a first end attached to one of the deck 
members 135 and a second end attached to one of the extensible beams 
115b. 

The deck members 135 can be constructed of any material having 
a suitable strength and flexibility, including wood, metal, plastic, reinforced 
fiberglass, ceramic, masonry or combinations thereof. Preferably, to provide 
the requisite strength and minimize weight the deck members 135 are made 
of a metal such as aluminum, chromium, copper, nickel, steel, stainless steel, 
zinc or alloys thereof. In addition, the deck members 135 can be can be 
covered or coated with another material for decorative or functional purposes, 
for example, a layer of a non-skid polymer can be applied to an upper surface 
of the deck members to prevent people from slipping on the deck members 
135. Alternatively, the deck members 135 themselves can be formed to 
provide a non-skid surface, for example, they can be made of an expanded 
metal in which edges of openings formed in the metal provide a non-skid 
surface. This version is also useful for applications, such as in a marine 
environment, in which it is desirable to remove water from the deck 140 of the 
bridge 100. 

As shown in FIG. 3 and 4. the bridge 100 can further include a 
plurality of fingers 210 attached to the deck members 1 35 closest to the fixed 
structure 1 10 or the moving structure 105 to cover any gap that may open 
therebetween. The fingers 210 may be made of the same material as the 
deck members 135 and are attached to the deck members by hinges 215 and 
in sliding contact with the movable structure 105 and the fixed structure 1 10. 
In an alternative embodiment (not shown), the fingers 210 are attached by 
hinges to one or both of the fixed or moving structures 1 1 0, 1 05, and in sliding 
contact with the deck members 135. The number and width of the fingers 
210 depend on the width of the bridge 100 and the maximum degree of 
torsional or twisting movement to which it will be subjected. For example, in 
an embodiment suitable for carrying pedestrian traffic, the bridge 100 
comprises from 1 to about 100 fingers 210, each having a width of from about 
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3 to about 12 inches. The number and width of fingers 210 attached to each 
end of the bridge 100 need not be the same. For example, because the end 
of the bridge attached to the fixed structure 1 1 0 is subject to less movement, 
fewer and wider fingers 210 can be attached at this end. The length of the 
5 fingers 210 depend on the size of the gap that can open between the deck 
members 135 and the fixed structure 110 or the moving structure 105. 
Generally, the fingers 210 comprise a length from about 4 to about 48 inches. 
Optionally, the fingers 21 0 are not flat but are bent at an angle of from about 
3** to about 1 0** relative to the surface of the deck 140 to fonri a ramp to ease 
10 movement of wheeled vehicles across the bridge 100. 

The bridge 100 can further include a plurality of pads 220 of 
material having a low coefficient of friction between the deck member 135 and 
the extensible beams 115. The pads 220 ease the movement of the deck 
15 members 135 over the extensible beams 115. Suitable low friction material 

includes, for example. Teflon®, nylon. Delrin® and UHMW. 

The exact number of pads 220 depends on the number of deck 
members 135 and extensible beams 115. In the bridge 100 shown in FIG. 3 

20 and 4, for example, there are three pads associated with each deck member. 

A first pad (center pad 220a) in the center of the deck member 135 and two 
other pads (outer pads 220b) near the outer ends. The outer pads 220b are 
fixed in place using a conventional adhesive, a fastener or both. The center 
pad 220a is held In place by passing the ball-socket-joint 195 through a hole 

25 or slot (not shown) in their center. The center pads 220a have an arced lower 
surface (not shown) which conforms to the central extensible beam 115a to 
facilitate the pivoting of the deck members 135 about the central extensible 
beam, and a substantially flat upper surface that allows the deck members to 
rotate relative to the beam and the pad. 

30 

The outer pads 220b are contoured or shaped to allow the deck 
members 1 35 to move freely across the surface of the extensible beams 1 1 5 
substantially without coming out of engagement with the outer extensible 
beams 1 1 5b, In particular, the outer pads 220b are sized and shaped to allow 
35 the deck members 135 to move freely relative the outer extensible beams 
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115b as they rotate and, because (as explained below) the distance 
separating the outer extensible beams from the center extensible beam 11 5a 
can change, to allow the outer extensible beams to move relative to ends of 
the deck member. The outer pads 220b comprise a square block or tile of 
5 low friction material having a flat upper surface secured to the deck member 
135, and a lower surface with a raised central portion and two angled 
portions, one on either side of the central portion. The central portion extends 
between opposing sides of the pad 220b, and is oriented substantially parallel 
to a long axis of the deck member 1 35. The angled portions slope away from 

10 the raised central portion toward the deck member 135 at an angle which is 

selected depending upon the application for which the bridge 100 will be 
used. Generally, the larger the degree of movement to which the bridge 100 
will be subjected, the larger the angle. In addition, the outer pads 220b on 
deck members 135 closest to the fixed structure 1 10 or the moving structure 

15 105 can have a contour adapted to allow a full range of movement for these 

deck members. In one embodiment, the these outer pads 220b on deck 
members 135 closest to the ends of the bridge 100 further include a cut-out 
or step which enables them to extend partially over the brackets 1 75, thereby 
allowing a full range of movement for the deck members 135 closest to the 

20 ends. Optionally, the extensible beams 115 include tabs 225 at either end to 
provide a surface over which the pads 220 on deck members 135 closest to 
the fixed structure 1 1 0 or the moving structure 105 can move. Generally, the 
tabs 225 comprise extensions of the upper surface of the second members 
190 of the extensible beams 115. 

25 

The operation of the bridge 100 will now be described with 
reference to FIG. 7a to 7e and FIG. 8. FIG. 7a to 7e are a series of 
schematic illustrations of the end of the bridge 100 that is attached to the 
movable structure 105. It should be noted that the other end of the bridge 

30 100, which is attached to the fixed structure 110, remains in a position similar 

to that shown in FIG. 7c. However, for clarity, and to avoid overiap of the FIG. 
7a to 7e, the bridge 100 is not shown in perspective. As the movable 
structure 105 is rotated about an axis parallel to that of the bridge 100 
(pitching motion), the first ends 125 of the extensible beams 115. which are 

35 attached to the movable structure, are raised (FIG. 7c to 7a) or lowered (FIG. 

7c to 7e) causing the extensible beams 1 1 5 to rotate slightly. The movement 
also causes the deck members 1 35 to pivot on the ball-socket-joint 1 95 about 



wo 01/18313 



PCT/USOO/24587 



-14- 

the central extensible beam 115a, and contact point between the deck 
members 135 and the extensible beams 115 to shift. Because the second 
ends 130 of the extensible beams 115 remain attached to the fixed structure 
1 10, as shown In FIG. 8, the extensible beams 1 15 extend as their first ends 
5 125 are moved from the static horizontal position. Moreover, because the 
range of the movement is greater for the extensible beam 1 1 5b furthest from 
the axis of rotation it is extended further than the others. Thus, the extensible 
beams 115. if they were parallel to one another in the static horizontal 
position, do not remain so. Finally, although not shown In these figures, 
10 because the second end 130 of the bridge 100 remains attached to the fixed 
structure 110, the magnitude of the movement of the extensible beams 115 
and the deck members 135 is not constant across the bridge but decreases 
as the fixed structure is approached. 

15 FIG. 9 and FIG. 10 are top views of a bridge 100 attached to a 

movable structure 105 and a fixed structure 110 showing, respectively, 
movement of the bridge 1 00 in response to rotation of the movable structure 
105 about an axis perpendicular to the bridge 100 (yawing motion) and 
longitudinal movement. It will be appreciated that any of these motions, as 

20 well as others which are not illustrated including roll, vertical movement and 
lateral movement (towards or away from the fixed structure 110), can be 
combined to produce complex motions that necessitate substantial and rapid 
realignment of the bridge 100. 

25 The bridge 100 of the present invention is particularly useful for 

joining a motion-base 230 to a fixed structure 1 1 0, for example as in a moving 
theater 235 as shown in FIG. 11. Refemng to FIG. 11, the theater 235 
generally includes a motion-base 230 supported by a gimbal (not shown) and 
is moved by plurality of actuators 240 (six are shown) adapted to move the 

30 motion-base through six-degree-of-freedom of motion including roll, pitch, 
yaw, vertical, lateral and longitudinal motion. The actuators 240 can comprise 
any conventional actuating mechanism including hydraulic, pneumatic, 
electric or any combination thereof. In the embodiment shown, the theater 
235 further comprises an enclosure 245 surrounding the motion-base 230. 

35 and one or more bridges 100 according to the present invention joining the 
enclosure to the motion-base. In this version, the actuators 240 further 



wo 01/18313 



-15- 



PCTAJSOO/24587 



comprise a number of mechanical slops (not shown) to limit movement of the 
motion-base 230 to an operating envelop 250 within the enclosure 245. 
Typically, the theater 235 also includes one or more screens 255 and 
speakers 260 for presenting audio and visual information to patrons seated 
5 in the theater As the presentation proceeds the motion-base 230 is moved 
in various directions as described above. Preferably, to simulate riding in a 
particular type of vehicle the movement of the motion-base 230 is controlled 
to synchronize it with the audio and visual information presented. 

10 In another aspect, shown in FIG. 12, the present invention is also 

useful as a bridge 265 for joining first and second substantially fixed 
structures 270, 275, such as joining separate buildings or two portions of the 
same building. The bridge 265 generally includes a number of spaced apart 
extensible beams 115 pivotably and rotatably attached to the first structure 

15 270 and to the second structure 275. The bridge 265 can further include one 

or more deck members 135 supported above and by the extensible beams 
115 in a substantially horizontal attitude. Preferably, each of the deck 
members 135 is pivotably and rotatably attached to one of the extensible 
beams 115 to provide access between the first and second structures 270. 

20 275. More preferably, the bridge 265 joins the first and second structures 
270, 275, while enabling movement of the first staicture 270 relative to the 
second structure 275 due to thermal expansion, seismic forces, or wind. FIG. 
12 illustrates joining a first building 270, such as a parking structure, to a 
second building 275. such as an office building, using an bridge 265 

25 according to the present invention. However, it will be readily appreciated that 
properly scaled versions of the bridge 265 can be used to provide access 
between marina structures, such as floating piers, or a ship to shore 
passageway. 

30 It is to be understood that even though numerous characteristics 

and advantages of various embodiments of the present invention have been 
set forth in the foregoing description, together with details of the structure and 
function of various embodiments of the invention, this disclosure is illustrative 
only, and changes may be made in detail, especially in matters of structure 

35 and arrangement of parts within the principles of the present invention to the 

full extent indicated by the broad general meaning of the terms in which the 
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appended claims are expressed. Although the preferred embodiment 
described herein is directed to a bridge for use with a motion-base 230 in a 
theater 235, it will be appreciated by those skilled in the art that the teachings 
of the present invention can be applied to other applications such as in 
5 amusement rides and for joining vehicles to each other or to stationary 
structures, without departing from the scope and spirit of the present 
invention. For example, a bridge 100 according to the present invention can 
be used to provide access for passengers between moving or stationary 
attached rail cars. 
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What is claimed is: 

1. A bridge for joining a movable structure to a fixed structure, the 
bridge comprising: 

(a) a plurality of spaced apart extensible beams, each extensible 
beam having a first end pivotably and rotatably attached to the movable 
structure and a second end pivotably and rotatably attached to the fixed 
structure; and 

(b) a plurality of deck members supported by the plurality of 
extensible beams in a substantially horizontal attitude, each of the plurality of 
deck members pivotably and rotatably attached to one of the plurality of 
extensible beams, said plurality of deck members providing access between 
the movable structure from the fixed structure. 

2. A bridge according to claim 1 wherein the movable structure 
comprises a motion-base. 

3. A bridge according to claim 1 wherein the movable structure 
comprises a vehicle, and wherein the first ends of each of the plurality of 
extensible beams are releasabiy attached to the vehicle. 

4. A bridge according to claim 3 wherein the vehicle is selected from 
a group consisting of: 

(a) trains; 

(b) automobiles; 

(c) watercrafl; 

(d) aircraft; and 

(e) spacecraft. 

5. A bridge for joining a motion-base to a fixed structure, the bridge 
comprising: 
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(a) three spaced apart extensible beams including a central 
extensible beam and two outer extensible beams, one on each side of the 
central extensible beam, each extensible beam having a first end pivotably 
and rotatably attached by a spherical-swivel-joint to the motion-base and a 
second end pivotably and rotatably attached by a spherical-swiveHoint to the 
fixed structure; and 

(b) a plurality of deck members supported by the extensible 
beams in a substantially horizontal attitude, each of the plurality of deck 
members pivotably and rotatably attached by a ball-socket-joint to the central 
extensible beam and in sliding contact with the outer extensible beams, said 
plurality of deck members providing access between the motion-base from 
the fixed structure. 

6. A bridge according to claim 5 wherein each of the plurality of deck 
members further comprises a plurality of pads of material having a low 
coefficient of friction between the deck member and the extensible beams. 

7. A bridge according to claim 5 wherein each of the extensible beams 
comprises a first beam member in slidable engagement with a second beam 
member. 

8. A bridge according to claim 7 wherein the first beam member 
telescopes into the second beam member 

9. A bridge according to claim 8 wherein each of the extensible beams 
further comprises a plurality of ball-bearings inside of the second beam 
member and between the first beam member and the second beam member 
to ease the telescoping of the first member into the second beam member. 

10. A bridge according to claim 8 wherein each of the extensible beams 
further comprises a sleeve of material having a low coefficient of friction inside 
of the second beam member and between the first beam member and the 
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second beam member to ease the telescoping of the first member into the 
second beam member. 

11. A bridge according to claim 8 wherein the first beam member is in 
5 rotatable engagement with the second beam member. 

12. A bridge according to claim 5 further comprising a spring adapted 
to return the plurality of deck members to a static position oriented 
substantially transverse to long axes of the plurality of extensible beams, the 

10 spring having a first end attached to one of the plurality of decic members and 
a second end attached to one of the extensible beams. 

13. A bridge according to claim 5 further comprising a plurality of fingers 
attached to the deck members closest to the motion-base and the fixed 

15 structure. 

14. A method of joining a movable structure to a fixed structure, the 
method comprising steps of: 

(a) providing a plurality of extensible beams having first 
20 ends and second ends; 

(b) pivotably and rotatably attaching the first ends of the 
plurality of extensible beams to the movable structure, and pivotably and 
pivotably and rotatably attaching the second ends to the fixed structure; 

(c) pivotably and rotatably attaching a plurality of deck 
25 members to one of the plurality of extensible beams so that the deck is 

supported by plurality of extensible beams in a substantially horizontal 
attitude, said plurality of deck members providing access to the movable 
structure while enabling movement of the movable structure relative to the 
fixed structure. 

30 

15. A method according to claim 1 4 wherein step (b) comprises the step 
of attaching the plurality of extensible beams to the movable structure and the 
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fixed structure to provide a central extensible beam and two outer extensible 
beams, one on each side of the central extensible beam. 

16. A method according to claim 1 5 wherein step (c) comprises the step 
of pivotably and rotatably attaching each of the plurality of deck members to 
the central extensible beam. 

17. A theater comprising: 

(a) a motion-base comprising a plurality of actuators to move the 
motion-base through six degrees of freedom of motion; and 

(b) a bridge comprising a plurality of spaced apart extensible 
beams, each extensible beam having a first end pivotably and rotatably 
attached to the motion-base and a second end pivotably and rotatably 
attached to a fixed structure, and a plurality of deck members supported by 
the plurality of extensible beams in a substantially horizontal attitude, each of 
the plurality of deck members pivotably and rotatably attached to one of the 
plurality of extensible beams, said plurality of deck members providing 
access to the motion-base from the fixed structure while enabling movement 
of the motion-base relative to the fixed structure. 

18. A theater according to claim 1 7 wherein the plurality of spaced apart 
extensible beams comprises three spaced apart extensible beams including 
a central extensible beam and two outer extensible beams, one on each side 
of the central extensible beam. 

19. A theater according to claim 1 8 wherein each of the plurality of deck 
members pivotably and rotatably attached to the central extensible beam and 
in sliding contact with the outer extensible beams. 

20. A bridge for joining a first structure to a second structure, the bridge 
comprising: 

(a) a plurality of spaced apart extensible beams, each extensible 
beam having a first end pivotably and rotatably attached to the first structure 
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and a second end pivotably and rotatably attached to the second structure; 
and 

(b) a plurality of deck members supported by the plurality of 
extensible beams in a substantially horizontal attitude, each of the plurality of 
deck members pivotably and rotatably attached to one of the plurality of 
extensible beams so that the first structure is joined to the second structure 
while enabling movement of the first structure relative to the second structure. 

21 . A bridge according to claim 20 wherein the first structure and the 
second structure comprise adjacent buildings. 

22. A bridge according to claim 21 wherein the movement of the first 
structure relative to the second structure is due to thermal expansion, seismic 
forces, or wind. 
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